A comparison of methods for measuring urinary ammonium  by Cunarro, Julia A. & Weiner, Michael W.
Kidney International, Vol. 5 (1974), p. 303—305
TECHNICAL NOTE
A comparison of methods for measuring urinary ammonium
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Medical Service, Veterans Administration Hospital, the Department of Medicine and Institute for Enzyme Research,
University of Wisconsin, Madison, Wisconsin
For many years, the most generally used method for
the determination of urinary ammonium has been the
microdiffusion technique as described by Conway and
O'Malley [1]. Although this titrimetric method is in
the strictest sense nonspecific, it has proved highly
useful for the quantitation of urinary ammonium,
because ammonium is the only significant urinary
component which is volatile at alkaline pH. Major
disadvantages of the microdiffusion technique are the
slow speed at which determinations are performed and
the subjective manner of color evaluation. Several
alternative methods for the measurement of urinary
ammonium have been described. They include the
following: the Berthelot (phenate-hypochlorite) reac-
tion [2], the formalin-titration method [3, 4], an
ammonia-specific electrode, and enzymatic tech-
niques [5]. In this report, four of these methods have
been evaluated for the determination of urinary
ammonium. The enzymatic approach is .best suited
for the determination of blood ammonia, and has
been previously evaluated in detail [5].
Methods. 1) Conway microdiffusion technique. Urine
(0.2 ml) was placed in the outer chamber of Conway
microdiffusion dishes and 1.0 ml of saturated K2C03
was placed on the opposite side. One ml of 2% boric
acid with bromocresol green was pipetted into the
center chamber. The dishes were sealed and urine
samples mixed with the K2C03 by tilting the dishes.
After a 90-mm incubation period, back titration was
carried out with H2S04 until the color in the center
chamber matched that of a water blank. Urinary
ammonium was calculated from the amount of
[H] used to titrate the center chamber back to the
color of the blank.
2) Ammonia-spec jfic electrode. A gas detecting
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electrode (Orion Model 95—10, Wabash, Indiana) was
utilized which responds to the partial pressure of
dissolved ammonia gas, related to ammonia concentra-
tion by Henry's law (theory of operation is discussed
in reference 6):
NH3 = Kb [NH3] aqueous
where Kb = 56 moles/liter—atm (25°C).
In order to convert all NH to NH3, 0.1 ml of 10 N
NaOH was added to 10 ml of the sample, while
slowly mixing with a Teflon-coated magnetic stirrer.
This elevated the sample pH to 13. Potential measure-
ments were then immediately carried out, because
ammonium is lost as ammonia gas if samples are
allowed to stand after alkali addition. The following
precautions are necessary for this procedure: All
samples should be at the same temperature. Am-
monium-free water should be utilized in all cases. The
electrode should be placed at a 20° angle from vertical
to prevent air-bubble entrapment under the membrane.
To prevent contamination, the electrode should be
thoroughly washed with water and blotted dry be-
tween determinations. The reading (in millivolts) was
plotted on a semilogarithmic scale. Between measure-
ments, the electrode was kept in an ammonia-free
solution to prevent response delay at low ammonia
concentration.
3) Formalin-titrimetric method. A 1 0-ml sample was
rapidly mixed with 10 ml of 0.1 N HC1 and placed
under vacuum for ten mm, virtually eliminating all
dissolved CO2 in the sample. Titration to pH 7.4 was
performed at room temperature using 0.1 N NaOH.
Water blanks were treated in an identical fashion.
Titratable acidity was calculated from the amount of
NaOH used. Ten ml of 8% formaldehyde solution was
then added to the mixture. The sample was again
tritrated back to pH 7.4 with NaOH, and the am-
monium concentration calculated from the amount
of NaOH used.
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4) Berthelot (phenate-hypochlorite) reaction. 0.2 ml
of the sample was pipetted into 15-mi test tubes. One
ml of phenol-pentacynonitrosyloferate (70 g of 88%
phenol, 0.25 g of sodium nitroprusside/liter) was
added to each sample and rapidly mixed with a
vortex stirrer. After five mm, 1.0 ml of alkaline hypo-
chlorite solution (20 g of NaOH and 43 ml of 5.25°/
NaOC1 per liter) was added and vortexed. The mix-
ture was incubated for 40 mm in a 37°C water bath.
Ten ml of distilled water were then added, and the
optical density at 625 nm was determined with a
spectrophotometer (Gilford 300 N).
All standards (reagent grade NH4C1) and samples
were prepared on the day of analysis and coded. The
ammonium analyses were performed in a blind
fashion immediately after collection. Each sample was
simultaneously tested by the four methods in duplicate,
and all the results are expressed in jsmoles per milliliter.
Results and Discussion. In order to evaluate the
reproducibility of the four methods, two different
urine samples (UA and UB) were analyzed six times by
each technique. The mean SD for each of the deter-
minations are shown in Table 1. The formalin-
titration method and the ammonia-sensitive elec-
trode appear to demonstrate the least variation during
the repeated analysis of a single sample, although the
Berthelot and microdiffusion methods appear satis-
factory for most physiological studies. Urinary pH, in
the physiological range, was found not to affect the
determination of ammonium by any of the four
methods studied. Similarly, centrifugation of the
urine to remove suspended sediment did not alter the
results. The effects of a variety of substances which
either may normally appear in urine, or be experi-
mentally added, were also evaluated. No significant
alterations of ammonium measurements were pro-
duced by para-aminohippurate (PAH), 2 g/l00 ml;
creatinine, 1 g/l00 ml; urea, 10 g/100 ml; uric acid
(saturated); NaCl, 400 mEq/liter; KC1, 320 mEq/liter;
or CaCl2, 1 g/lOO ml. Since previous reports have
suggested that urea may specifically affect the Berth-
elot reaction [2, 7], a more detailed analysis of this
relationship was performed. Table 2 shows that the
Table 1. Reproducibility of amnionium analyses"
Berthelot Conway Formalin titration Electrode
UA 58.5±3.7 54.6±3 56.9±0.9 56.8±0.9UB 16,2±1.0 19.2±1'3 16.2±0.2 17.3±0.4
All values represent the mean SD of six determinations.
Values are expressed as imole/ml.
Table 2. The effect of urea on the Berthelot reaction"
Ammonium
standard,
mo1e/ml
Urea
0 0.lg/ 0.5g/ 1 g/ 2 g/ 5 g/ 7.5 g/ 10 g/
lOOmI 100 ml lOOml lO0mllOOm! 100 mllOO ml
05 0.47 0.47 0.48 0.47 0.49 0.47 0.47 0.48
1'O 0.96 0.98 0.99 0.97 1.03 1.02 1.01 0.9820 1.94 1.98 1.96 1.99 1.99 2.01 1.9 1.9630 2.97 3.02 2.94 2.95 3.02 3.05 2.9 3.04
" Means of duplicate determinations are expressed as mo1e/ml.
highest concentration of urea used (10 g/lOO ml) had
no significant effect on the ammonium determination.
We therefore conclude that all four methods are
quite specific for urinary ammonium.
There are few reports of the formalin-titrimetric
technique [3, 4] and no published data using the
ammonium-specific electrode to assay urine. For this
reason a range of ammonium standards was repeat-
edly analyzed by both of these methods in a compara-
tive fashion (Fig. 1). An extremely close correlation
between the absolute concentrations and the experi-
mentally determined values is demonstrated. The
effective range of the ammonia-specific electrode is
from 10 10- 'M ammonium. These concentrations
produced E.M.F.s from +31 to —i42mv.
To evaluate the performance of the ammonium
electrode further, 22 different urine samples were
concurrently analyzed with the Berthelot reaction
(Fig. 2). The results were submitted to paired sample
analysis. A recovery experiment was also performed by
the addition of 25 p.moles of NH4CI to ten different
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Fig. 1. Standard curve formalin-ritrarion method (•) and ammo-
nium electrode (A).
Observed ammonium, s mole/mi
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Ammonium by Electrode, z mole/mi
Fig. 2. Am,nonium electrode v. Bert helot reaction—paired
sample analysis. Twenty-two separate urine samples were
simultaneously analyzed by the Berthelot (y) and ammonia
specific electrode (x); ,= 16.1, = 15.6, sD=2.39, t=0.85,
P=O.4, r (correlation coefficient)=O.957.
urine samples. The mean recovery was 24.45 0.925 SD,
97% of the amount added. These results indicate that
the precision of the ammonium electrode is satisfactory
for studies of urinary ammonium content. Inter-
ference with a variety of substances found in urine
(PAH, creatinine, urea, uric acid, NaCI, KC1 and
CaCI2) does not affect the validity of these measure-
ments. Amino acids do not alter electrode perfor-
mance, while volatile amines (methylamine and
ethylamine) do interfere with this procedure [8].
However, normal and infected urine specimens con-
tain these compounds in quantities which are several
orders of magnitude below urinary ammonia concen-
trations [9]. Significant interference would, therefore,
not be expected. Protein concentrations as high as
500 mg/l00 ml also did not affect the determination
of ammonia by either the Berthelot reaction or am-
monium electrode.
The speed at which these various techniques may be
used to determine urinary ammonium concentration
varies greatly. A maximum of 50 determinations (25
duplicates) can be performed by the Conway tech-
nique in an eight-hour working day. The formalin-
titration method is also time-consuming, even if an
automatic titrator is used. Nevertheless, this technique
is very well suited to experiments where measure-
ments of urinary pH and titratable acidity are also
desired. Over 100 samples per day may be determined
with the ammonia electrode and this technique shares
with the formalin-titration method the advantage of
immediately calculable results. If large numbers of
samples are being collected and titratable acidity is
not determined, the Berthelot reaction is advantageous
because of its speed (200 samples may be processed in a
working day) and precision. Both the Berthelot reac-
tion and the ammonia-specific electrode have been
adapted to automated techniques [7, lO}. Although the
microdiffusion technique has previously been the most
popular, it appears to be the slowest and least accurate
of the methods studied.
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